Method Of Forming A Contact On A Silicon-On-Insulator Wafer 

TECHNICAL FIELD 

[0001] The present invention generally relates to the fabrication of semiconductor devices. 
In one aspect it relates more particularly to a process of forming a contact on a silicon-on- 
insulator wafer. 

BACKGROUND 

[0002] FIGs. 1 and 2 show a few steps in a current process for forming a semiconductor 
device (e.g., transistor) on a silicon-on-insulator (SOI) wafer. In FIG. 1, contact material 20 has 
been deposited in a process of forming a contact 22 to the substrate 24. The contact 22 is formed 
in a shallow trench isolation (STI) region 26. After the insulating material 28 is deposited for the 
STI regions 26 in the current process, the excess STI material 28 is removed until the pad nitride 
layer 30 is reached (e.g., using chemical-mechanical polishing (CMP)). When the excess STI 
material 28 is removed using CMP, for example, and the CMP process is stopped at the pad 
nitride layer 30, the STI regions 26 are left with a dish-shaped surface 32 (i.e., concave surface) 
due to the different polishing rates for the STI material 28 and the pad nitride layer 30. Then, 
when the excess contact material 20 is removed down to the pad nitride layer 30, as shown in 
FIG. 2, the top surface 34 of the structure 36 is planar, but residual contact material 38 remains 
in the dish-shaped recess of the STI regions 26. This residual contact material 38 at the STI 
regions 26 is undesirable for at least two reasons. The ability of the STI region to provide 
isolation may be degraded because the residual contact material 38 is conductive. Also, from a 
device point of view, transistor width may be undesirably increased due to residual contact 
material buildup in the sidewall. Thus, a need exists for a way to eliminate this residual contact 
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material 38 in the dished STI regions 32, and preferably without adding additional steps to the 
process flow. 

SUMMARY OF THE INVENTION 

[0003] The problems and needs outlined above are addressed by embodiments of the present 
invention. In accordance with one aspect of the present invention, a method of fabricating a 
semiconductor device is provided. This method includes the following the steps, the order of 
which may vary. An intermediate structure having a top surface is provided. An isolation trench 
is formed is the intermediate structure. Isolation material is deposited over the intermediate 
structure. The isolation material fills the isolation trench. Excess isolation material extends 
above the top surface of the intermediate structure. Part of the excess isolation material is 
removed until there is a predetermined thickness of isolation material remaining on the top 
surface of the intermediate structure. A contact opening is formed in the isolation material at the 
isolation trench. The contact opening extends through at least part of the intermediate structure. 
Contact material is deposited over the isolation material. The contact material fills the contact 
opening. Excess contact material, if any, that extends above the isolation material is removed. 
The excess isolation material is removed at least until the top surface of the intermediate 
structure is reached. The removal of the excess materials may be performed using chemical 
mechanical polishing. The intermediate structure may include a substrate, a bottom insulator 
layer, a semiconducting material layer, and a pad nitride layer, the bottom insulator layer being 
formed over the substrate, the semiconducting material layer being formed over the bottom 
insulator layer, and the pad nitride layer being formed over the semiconducting material layer. 

[0004] In accordance with another aspect of the present invention, a method of fabricating a 
semiconductor device is provided. This method includes the following the steps, the order of 
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which may vary. An intermediate structure is provided, which includes a substrate, a bottom 
insulator layer, a semiconducting material layer, and a pad nitride layer. The bottom insulator 
layer is formed over the substrate. The semiconducting material layer is formed over the bottom 
insulator layer. The pad nitride layer is formed over the semiconducting material layer. An 
isolation trench is formed in the pad nitride layer and the semiconducting material layer. An 
isolation material is deposited over the structure. The trenches are filled with the isolation 
material and excess isolation material extends above the pad nitride layer. Part of the excess 
isolation material is removed such that a predetermined thickness of the isolation material 
remains atop the pad nitride layer. A contact opening is formed in the isolation material within 
the isolation trench, extending through the bottom insulator layer, and opening to the substrate. 
A contact material is deposited over the structure. The contact material fills the contact opening 
and excess contact material extends above a top surface of isolation material. The excess contact 
material is removed down to the top surface of the isolation material. The excess isolation 
material is removed at least until the pad nitride layer is reached. The substrate may be doped at 
the contact opening to form a P+ implant region in the substrate. Such doping may be performed 
using a material selected from a group consisting of B and BF2, for example. 

[0005] In accordance with still another aspect of the present invention, a semiconductor 
device is provided, which includes isolation trenches and a contact. The isolation trenches are 
formed in a structure. The isolation trenches are filled with isolation material. The contact is 
formed through one of the isolation trenches and is filled with contact material. No residual 
contact material from forming the contact remains atop another trench of the isolation trenches. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The following is a brief description of the drawings, which show illustrative 
embodiments of the present invention and in which: 

[0007] FIGs. 1 and 2 are cross-section views of intermediate structures during the 
fabrication of a semiconductor device to illustrate steps for a prior process; and 

[0008] FIGs. 3-12 are cross-section views of intermediate structures during the fabrication 
of a semiconductor device to show steps of an illustrative embodiment of the present invention. 



TSM03-0151 



•4- 



DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0009] Referring now to the drawings, wherein like reference numbers are used herein to 
designate like elements throughout the various views, illustrative embodiments of the present 
invention are shown and described. The figures are not necessarily drawn to scale, and in some 
instances the drawings have been exaggerated and/or simplified in places for illustrative 
purposes only. One of ordinary skill in the art will appreciate the many possible applications and 
variations of the present invention based on the following illustrative embodiments of the present 
invention. 

[0010] Next, an illustrative embodiment of the present invention will be described with 
reference to FIGs. 3-12. In FIGs. 3-12, process steps for an illustrative method of the present 
invention are shown. Not all of the processing steps for fabricating the example semiconductor 
device are shown, because some of the intermediate steps, as well as other steps before and after 
those shown, should be apparent to one of ordinary skill in the art. The particular device layout 
shown is merely one illustrative example for using a method of the present invention in forming 
a transistor. With the benefit of this disclosure, other possible device layouts that may benefit 
from incorporating a method and/or an embodiment of the present invention may be realized by 
one of ordinary skill in the art. 

[0011] Beginning at FIG. 3, an initial wafer structure 40 is provided, which in this case 
includes a substrate 24, a bottom insulator layer 42, and a semiconducting material layer 44. 
The bottom insulator layer 42 is located over the substrate 24, and the semiconducting material 
layer 44 is located over the bottom insulator layer 42. Typically, the semiconducting material 
layer 44 is silicon. Hence, the wafer structure shown in FIG. 3 is often referred to as a silicon- 
on-insulator (SOI) wafer. For purposes of discussion, the wafer structure 40 shown in FIG. 3 
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may be referred to as an SOI wafer. However, the semiconducting material layer 44 may be 
made from a variety of materials, including but not necessarily limited to: silicon, silicon 
germanium, germanium, GaAs, or any combination thereof, for example. The bottom insulator 
layer 42 acts as an isolation layer between the semiconducting material layer 44 and the substrate 
24. The bottom insulator layer 42 in an SOI wafer 40 is typically undoped oxide, such as silicon 
dioxide, for example. Hence, the bottom insulator layer 42 in an SOI wafer 40 is often referred 
to as a buried oxide layer (BOX). However, the bottom insulator layer 42 may be made from a 
variety of materials, including but not necessarily limited to: Si02, SiN, or any combination 
thereof, for example. The substrate 24 is typically made from silicon, for example; yet it may be 
made from other suitable materials as well. One of ordinary skill in the art will realize that there 
may be other suitable materials that may be substituted into an embodiment of the present 
invention. In a preferred embodiment, the bottom insulator layer 42 has a thickness 46 between 
about 800 and about 1500 A, and the semiconducting material layer 44 has a thickness 48 
between about 300 and about 800 A, for example. However, other thicknesses 46, 48 may be 
used for these layers 42, 44. 

[0012] As shown in FIG. 4, a pad oxide layer 50 may be formed on the semiconducting 
material layer 44, and a pad nitride layer 30 may be formed on the pad oxide layer 50. In a 
preferred embodiment, the pad oxide layer 50 may be deposited by a fiimace at a temperature 
between about 800° and about 1000° C with a thickness 52 between about 70 and about 120 A, 
and the pad nitride layer 30 may be deposited by a furnace at a temperature between about 700° 
and about 900° C with a thickness 54 between about 600 and about 1200 A, for example. 
However, other temperatures and thicknesses 52, 54 may be used for these layers 30, 50. The 
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pad nitride layer 30 may be made from a variety of materials, including but not necessarily 
limited to: SiN (preferred), SiON, SiC, or any combination thereof, for example. 

[0013] Next, isolation trenches 60 are formed (e.g., by conventional lithography and etching 
processes) in the intermediate structure 62 shown in FIG. 5 (e.g., in the pad nitride layer 30, pad 
oxide layer 50, and semiconducting material layer 44 in this case), and the trenches 60 may open 
to the bottom insulator layer 42. Isolation material 28 is then depositing over the intermediate 
structure 62, as shown in FIG. 6. The isolation material 28 fills the isolation trenches 60. Excess 
isolation material 28 extends above the pad nitride layer 30. In a preferred embodiment, for 
example, the isolation material 28 is formed using a high density plasma chemical vapor 
deposition (HDP-CVD) process to provide a thickness 64 between about 3500 and about 5000 A, 
but other thicknesses may be formed in other embodiments. The isolation material 28 is 
preferably made from an undoped silicon glass (e.g., HDP oxide film), but other suitable 
materials may be substituted as well, including but not necessarily limited to: undoped 
polysilicon, oxide, spun-on dielectric material, flow oxide, or any combination thereof, for 
example. 

[0014] As shown in FIG. 7, part of the excess isolation material 28 is removed and a 
remaining part 68 of the isolation material 28 is still over the pad nitride layer 30. In a preferred 
embodiment, the excess isolation material 28 is removed using a CMP process to provide a 
planar top surface 70 for the structure 72, as shown in FIG. 7, for example. This may be referred 
to as an "under-polish step." In a prior method, the isolation material 28 would have been 
removed by CMP until the pad nitride layer 30 was reached, which typically causes the surface 
of the isolation material 28 to have a concave or dished shape, as discussed above regarding 
FIGs. 1 and 2, In a preferred embodiment of the present invention, the isolation material 28 has 
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a remaining thickness 74 on top of the pad nitride layer 30 between about 500 and about 1000 A, 
for example. Yet, in other embodiments of the present invention, the remaining thickness 74 
may be greater or less than this preferred range. Leaving a remaining thickness 74 of the 
isolation material 68 atop the intermediate structure 62 under it (regardless of the intermediate 
structure there under) is one of the key steps to a method of the present invention, as will become 
more clear at the conclusion of this description. 

[0015] Referring to FIG. 8, a contact opening 76 is formed (e.g., by conventional 
lithography and etching processes) in the isolation material 28 at a trench 60. The contact 
opening 76 may be formed through the bottom isolator layer 42 opening to the substrate 24, as 
shown in FIG. 8. In this example device, the substrate 24 is doped (e.g., with B or BF2) to 
provide a P+ implant 78 at the contact opening 76 to reduce the resistance of the substrate 24 at 
this region 78, as shown in FIG. 9. But in other embodiments, other processes or other doping 
parameters may be implemented at the contact opening 76 before forming the contact. 

[0016] Referring to FIG. 10, contact material 20 is deposited over the intermediate structure 
80 of FIG. 9. The contact openings 76 are filled with the contact material 20. Typically, excess 
contact material 20 will be built up outside of the contact openings 76, as shown in FIG. 10. 
This excess contact material 20 may have a thickness 82 between about 3500 and about 5800 A, 
for example. The contact material 20 is preferably made from polysilicon that is at some point 
doped to be conductive, but other suitable materials may be substituted for the polysilicon in 
other embodiments, including (but not limited to): metal, tungsten, aluminum, aluminum 
copper, copper, or combinations thereof, for example. Preferably, the polysilicon has been 
deposited in a furnace with a temperature between about 500° and about 700° C, for example, 
but other deposition parameters may be used. 
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[0017] In FIG. 1 1, the excess contact material 20 has been removed (e.g., by CMP or etch 
back). If desired or required, the isolation material 68 may be removed or planarized (e.g., by 
CMP or etch back) down to the pad nitride layer 30. As shown in FIG. 12, the removal or 
planarization down to the pad nitride layer 30 (e.g., stopping on the pad nitride layer 30) may 
cause the isolation material 28 and/or the contact material 20 at the trenches 60 to have a 
concave or dished surface shape due to the different polishing rates or removal rates for these 
three materials (pad nitride layer 30, isolation material 28, and contact material 20). Such 
dishing may create a recess with a thickness between about 400 and about 800 A at the wider 
isolation trenches with a area between about 80 pm by 100 ^m and about 2000 (am by 2000 \xm, 
for example. The removal of the remaining excess isolation material 68 over the pad nitride 
layer 30 may be performed by simply continuing the same CMP process used to remove the 
excess contact material 20, for example. If polysilicon is used for the contact material 20, it may 
be doped or implanted after the structure 84 of FIG. 12 is formed to make the contact 22 
conductive, for example. 

[0018] As FIG. 12 illustrates, using a method of the present invention provides an advantage 
that no residual contact material 38 is left in the dished region 32 on top of the isolation material 
28, as compared to the prior method results shown in FIG. 2. Another advantage provided by a 
method of the present invention is that the residual contact material being left atop a dished STI 
region (see e.g., FIG. 2) is eliminated without adding extra processing steps. Other advantages 
of a method of the present invention include a decrease of the isolation material polish frequency 
and a decrease in the generation of scratches by the CMP processes, as will be apparent to one of 
ordinary skill in the art with the benefit of this disclosure. With the benefit of this disclosure. 
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one of ordinary skill in the art will likely realize may other appUcations and uses of the present 
invention beyond the illustrative example described herein. 

[0019] It will be appreciated by those skilled in the art having the benefit of this disclosure 
that embodiments the present invention provide methods of forming a contact in an isolation 
trench while also avoiding or eliminating the build-up of unwanted residual contact material atop 
other isolation trenches. It should be understood that the drawings and detailed description 
herein are to be regarded in an illustrative rather than a restrictive manner, and are not intended 
to limit the invention to the particular forms and examples disclosed. On the contrary, the 
invention mcludes any further modifications, changes, rearrangements, substitutions, 
alternatives, design choices, and embodiments apparent to those of ordinary skill in the art, 
without departing from the spirit and scope of this invention, as defined by the following claims. 
Thus, it is intended that the following claims be interpreted to embrace all such further 
modifications, changes, rearrangements, substitutions, alternatives, design choices, and 
embodiments. 
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